Abstract: Return to equivalent capability is the principle governing land reclamation in Alberta. However, land capability rating systems are seldom used to determine post-reclamation equivalency in agricultural lands. This study used the Land Suitability Rating System for Agricultural Crops (LSRS) to estimate reclaimed soil profile ratings. Baseline soil data for 30 soil series obtained from the Alberta Soil Layer file were changed to yield synthetic data. Admixture was simulated by mixing 10 equal increments of B horizon (subsoil) into the A horizon (topsoil) to a maximum of 50% of initial A horizon thickness. Subsoil density was changed in 2.5% increments above baseline to a maximum increase of 25%. Admixture effects on texture, organic carbon, and thickness of topsoil and density change in subsoil were quantified across these 10 treatment levels and deductions were calculated with the LSRS. At level 10 in which topsoil consisted of 33% subsoil admixture by volume and subsoil density had increased by 25%, capability declined from one to five classes below baseline. Future work will employ quantitative field data to explore the accuracy of these findings and to test the hypothesis that current assessment methods may be unreliable for confirming a return to equivalent capability.
Introduction
Disturbed lands in the province of Alberta must be reclaimed to the objective of equivalent capability (Powter et al. 2012 ). This principle underlies legislation such as the Environmental Protection and Enhancement Act and related regulations, guides environmental assessment, and sustains reclamation efforts. Land capability is defined as "the ability of land to support a given land use, based on an evaluation of the physical, chemical, and biological characteristics of the land, including topography, drainage, hydrology, soils, and vegetation" [Conservation and Reclamation Regulation, Section 1(k) cited in Alberta Environmental Protection (1994) ]. Equivalent land capability is defined as "the ability of the land to support various land uses after conservation and reclamation is similar to the ability that existed prior to an activity being conducted on the land, but that the individual land uses will not necessarily be identical" [Conservation and Reclamation Regulation Section 1(e), cited in Alberta Environmental Protection (1994) ].
Several systems are in place for quantifying land capability on agricultural lands, both for undisturbed (Agronomic Interpretations Working Group 1995) and for reclaimed lands with agricultural potential (Macyk 1987; Leskiw and Kutash 1993 ). An industry-government multistakeholder external soils advisory board has suggested that the Land Suitability Rating System for Agricultural Crops 1. Spring-seeded small grains (LSRS) authored by the Agronomic Interpretations Working Group (1995) be used as a means to assess the return to equivalent capability following pipeline construction and reclamation (Alberta Environment 2001) . The LSRS was also used to rate the capability of soils in the agricultural regions of Alberta [Agricultural Regions of Alberta Soil Inventory Database (AGRASID)] (Alberta Soil Information Centre 2003). Despite the availability of these land capability rating systems, with the exception of some coal mine approvals (A. Janz, Alberta Environment and Parks, personal communication) , there is no public record that such measures have been applied on a regular basis for industrial lands, including pipelines, wellpads, roadways, and other specified lands, to confirm a return to the objective of equivalent capability. It would seem logical that the LSRS provides an objective standard to determine if land has been reclaimed to equivalent capability and to quantify effects of pipeline construction on soil quality.
The focus of this study is on pipeline disturbance effects on land suitability ratings. Pipeline development has been a contributor to soil disturbance across Canada. Cumulative length of oil and gas pipelines is now estimated at 840 000 km in Canada (NRCAN 2016) . Of these, some 117 000 km consist of larger diameter lines. Width of right of way (ROW) may range from 30 to 50 m for large diameter lines to 13-15 m for nonregulated lines (A. Janz, Alberta Environment and Parks, personal communication) . With an assumed average ROW width for these of 18 m (Canadian Energy Pipeline Association (CEPA) 2016), the area of permanent ROW for these facilities alone is more than 200 000 ha, although not all of this occurs on agricultural lands. For those involving cultivated agricultural lands, a large proportion of this ROW area would have been disturbed during construction and subsequently reclaimed to allow farming operations to continue while these pipelines operate. Other kinds of pipelines with implications for soil quality include those used for water and wastewater.
Mitigations have been developed to reduce impact of pipeline construction on agricultural lands (Alberta Environment 1985; Mackintosh et al. 2002; Neville 2002) . Still, some physical and chemical properties of soil may be affected by construction activities. Reduced topsoil depth (Desserud 2006) and reduced topsoil organic carbon (OC) content (Naeth et al. 1987) were reported in Alberta rangeland soils. Reduced topsoil depth may be due to wind and water erosion when soils are exposed during the construction process (Desserud et al. 2010) . Changes in topsoil texture due to admixture of subsoil into the topsoil layer were also reported in Alberta rangelands (Naeth et al. 1987; Desserud 2006) and in croplands in central Canada (Culley et al. 1981) . Increased bulk density (Db) was reported on rangeland soils (Naeth et al. 1987 ), on fine-textured soils in northwestern Alberta (Soon et al. 2000) , but not on moderately fine-textured soils in central Alberta where pipeline construction occurred under dry soil conditions (Landsburg 1989) . Bulk density increases from 5% to 15% observed in central Canada croplands that were linked to wet soil conditions during construction (Culley et al. 1981) . Changes to topsoil texture, OC content, and subsoil Db have implications for land capability as determined by the LSRS.
The objective of this work was to use the LSRS to quantify the amount of land capability change associated with a given degree of change in related soil properties. Synthetic or modelled data were used because a set of quantitative data were not available. The soil properties evaluated include changes in topsoil parameters for thickness, OC content, and texture; and changes to subsoil Db. Changes in these properties may occur over the entire ROW or may be confined to specific activity areas such as the trench, work side, or spoil side. In this exploratory work, synthetic data were developed from combining baseline data from the province of Alberta soil series database with targeted simulated levels of change for key soil parameters. The LSRS was then used to evaluate the change in capability. The results of this study are also intended to begin the test of a hypothesis about the use of assessment protocols to confirm a return to equivalent capability:
The collection of quantitative soil data for LSRS calculation will allow the assessment protocol to detect a smaller degree of change than when only qualitative data are obtained. Conversely, conclusions regarding post-reclamation land capability based on measurement of quantitative parameters will provide more accurate conclusions than systems that rely on qualitative judgements generated at field based observations. The current set of field based protocols and assessment criteria are unable to confirm a return to equivalent capability. Current monitoring approaches may however be appropriate for identifying areas of deviation from baseline capability.
Testing such a hypothesis will obviously require field data, the subject of future work.
Methods
The AGRASID 3.0 soil database (Alberta Soil Information Centre 2003) was queried to identify 30 common soil series and their extent from a moist to dry climate gradient in the province of Alberta (Table 1) . It is not known whether pipelines have been constructed in areas where these 30 soil series dominate. The 30 series were chosen because together they represent a very large area of the province, and it is likely that pipelines have or will be constructed in these areas. The grassland soil group consisted of 14 series that were Chernozemic and one that was Vertisolic. The forest soil group consisted of 15 series that were Luvisolic. Textural classes ranged from medium to very fine, and drainage varied from imperfectly to well drained. These series were dominant or codominant in 9.8 million ha of the 26 million ha agricultural region of Alberta. The study design intentionally excluded coarsetextured and saline or sodic soils. Coarse-textured soils were excluded because they are less affected by compaction (Culley et al. 1981) , but more vulnerable to topsoil loss through wind erosion than the medium-to fine-textured soils studied. Saline and sodic soils were excluded because there are specialized handling practices intended for these soils (Pettapiece and Dell 1996) and because the soil property changes related to construction on these soils would also involve chemical parameters beyond the scope of this study (i.e., pH, electrical conductivity, and sodium adsorption ratio). Soil horizon data for representing baseline conditions were obtained from the provincial soil layer database (Table 2) . Soil layer data included horizon genetic code, thickness, particle size distribution, OC content, and Db. The current LSRS algorithm calculates initial soil rating from textural properties, not from available water holding capacity as in the 1995 version of LSRS (Y.P. Gasser, Agriculture and Agri-Food Canada, personal communication; Agronomic Interpretations Working Group 1995). The initial soil rating modifies the climatic moisture index for available water holding capacity limitations (Agronomic Interpretations Working Group 1995). For a given climatic region, a coarser textured soil profile has a lower initial soil rating than a finer textured soil. For this study, topsoil thickness under baseline conditions was calculated from the thickness of all A horizons for each of the 30 series obtained from the soil layer file. The genetic horizons associated with topsoil from the 30 series are as follows: topsoil for 19 series consisted of Ap To convert organic carbon (OC) from units of % to units of g kg −1 , multiply OC % values by 10. horizons only; topsoil for four series consisted of an Ap and Ah horizon combination; topsoil for five series consisted of an Ap and Ae horizon combination; topsoil for one series consisted of an Ae horizon only; topsoil for one series consisted of an Ah and Ae combination. While topsoil at baseline was defined as any kind of A horizon (Ah, Ap, and Ae) alone or in combination, e.g., an Ap horizon overlying an Ah, topsoil for the 10 treatment levels was defined as a mixture of A and B horizon in the proportions specified. This latter definition represents a typical field condition, where soil disturbance and reclamation can result in some subsoil becoming admixed into native A horizon topsoil. Subsoil for both baseline and treatments was defined as B horizon. Subsoil horizons were primarily Bm horizons in the grassland soil group and Bt or Btgj in the forest soil group (Table 2) .
Change commonly associated with disturbance in terms of admixture and compaction was simulated with change in four soil properties: topsoil depth, topsoil texture, topsoil OC, and subsoil Db. Admixture in a reclamation context is the introduction of B or C horizon or other soil material into topsoil (A horizon). For this study, admixture was B horizon material that was added to the topsoil horizon. The topsoil horizon changed from pure A horizon at baseline to a mixture of A and B horizon material, with B horizon proportional to treatment level (Table 3) . Ten incremental levels of disturbance (level 1 to level 10) (Table 3) were imposed on baseline soil conditions, representing subsoil admixture to a maximum of 50% addition of baseline topsoil volume (depth) and a 25% change in subsoil Db. The decision to use 50% and 25% limits on admixture and subsoil density was based on professional judgment and on reports from the literature. Addition of subsoil up to 50% of baseline topsoil volume equates to a mixed ratio of 67% A horizon and 33% B horizon in the final mixture (Table 3) . Changes in soil OC due to admixture were then calculated for levels 1-10 by mixing topsoil and subsoil in these increments. The OC content of the topsoil was calculated from the OC content of pure A and B horizons and their respective proportions in the topsoil mixture. The Db of subsoil admixed into the topsoil layer was assumed to remain unchanged for purposes of calculating OC concentration change. Changes to topsoil texture from admixture of subsoil were determined in a similar fashion from sand-silt-clay data for respective pure A and B horizons. Subsoil density was increased in 2.5% increments above baseline to a maximum increase of 25% above baseline.
Ratings equations were obtained from Agriculture and Agri-Food Canada personnel (Y.P. Gasser, Agriculture and Agri-Food Canada, personal communication) or ratings were obtained directly the ratings tables presented in the LSRS manual (Agronomic Interpretations Working Group 1995). The LSRS follows an index approach, with class 1 soils having no limitations and class 7 having extreme limitations. The initial rating for each soil is based on deductions due to climatic moisture deficit and water holding capacity from a starting basis of 100 points. Further deductions due to soil properties are subtracted from this initial rating for the soil. Although in typical application, deductions for climate, soil, and landscape are made independently and used to identify the most limiting components, for this study, only soil factors were considered. Both climate and landscape properties can be reasonably assumed to remain constant in a modelling scenario such as this. Final classes and associated range of indices are 1 (80.0-100 points), 2 (60.0-79.9 points), 3 (45.0-59.9 points), 4 (30.0-44. 9 points), 5 (20.0-29.9 points), 6 (10.0-19.9 points), and 7 (0-9.9 points).
Climate moisture indices are based on moisture deficit determined from normals of annual precipitation (P) and annual potential evapotranspiration (PE). Climate moisture indices for each soil series were obtained from a map of moisture deficit [precipitation minus potential evapotranspiration (P − PE) values for Alberta (Alberta Soils Advisory Committee 1987)]. All Luvisols were assigned a P − PE index of −150 (mm), whereas Chernozemic soils were assigned an index of −200 (black Chernozemic), −300 (dark brown Chernozemic), or −400 (brown Chernozemic). The lone Vertisolic series was assigned an index of −300, based on the general location of its occurrence in the province. Because this study was conceptual, it was not necessary to quantify the variation in P − PE index that obviously applies to individual soil series.
The initial soil rating links soil series to local climate (equation 1a or 1b), whereas additional equations rate soils for topsoil OC (equation 2) or subsoil Db (equation 3 and 3a). Ratings deductions were calculated for topsoil depth, OC content, Db, and depth to the root restrictive layer by use of these LSRS ratings equations. Ratings adjustments were summarized by soil series and treatment level. Capability class values were assigned to each and then normalized to show change in capability class from baseline. Figures were prepared to show how changes in topsoil depth, topsoil OC, and subsoil Db contributed to ratings deductions. Only select series were chosen because trends were similar among series. The four series chosen generally portrayed the range of responses for that parameter among the 30 soil series.
Results and Discussion
Initial soil rating ranged from 42 to 100 for the grassland group and from 98 to 100 for the forest soil group (Table 1) . Baseline LSRS ratings for the grassland group had a mode of class 1 and ranged from class 1 to class 4. Baseline ratings for the forest soil group had a mode of 1 and ranged from class 1 to class 2.
The assumptions of the modelling process resulted in topsoil depth increasing in increments of 5% of initial depth, reaching 50% greater than baseline by level 10 (Fig. 1a) . This outcome is substantially realized in practical reclamation in which much of the effort of characterizing topsoil quality and quantity lies in how much this layer deviates from baseline (Environment and Sustainable Resources Development 2013). Topsoil depth at baseline ranged from 10 to 36 cm (median = 18 cm) for the grassland soil group and 8 to 31 cm (median = 18 cm) for the forest soil group (Table 2) . At level 10, depth ranged from 15 to 54 cm for the grassland group and from 12 to 47 cm for the forest soil group (data not shown). The admixture component of this study assumed complete topsoil conservation, so that topsoil increased in thickness with each level of subsoil admixture. A related outcome was that ratings deductions for topsoil depth decreased in proportion to the gains in topsoil thickness (Fig. 1b) . Once topsoil reached 20 cm thickness, no deductions were applied.
Effect of admixture of subsoil on topsoil texture is presented in Table 4 . Texture of topsoil at baseline ranged from SiL to HC (mode = L) for the grassland group and SiL to SiC (mode = SiL) for the forest soil group. It is readily apparent that topsoil textural class does not change very much over the range of subsoil admixture chosen for this study. Eight series changed by one textural class between baseline and level 10, but the remaining 22 remained in the same textural class as admixture increased to 50% of original A horizon thickness. Admixture effects on topsoil texture would be more apparent when differences in texture between topsoil and subsoil were greater. For instance, in soil series developed on two parent materials with highly contrasting textural properties, admixture may result in more extreme change in topsoil texture. However, the example series used in this study reflect the development on a single parent material in which topsoil-subsoil textural differences are limited.
Effect of admixture on topsoil OC content for four examples is presented in Fig. 2a , and effect on ratings is presented in Fig. 2b . At baseline, OC in the topsoil ranged from 1.5% to 5.0% for the grassland group (median = 3.6%) and from 1.0% to 3.4% (median = 2.0%) for the forest soil group. OC in the subsoil at baseline ranged from 0.5% to 2.5% (median = 1.1%) in the grassland group and from 0.4% to 0.9% (median = 0.7%) in the forest soil group. The amount of OC decline in topsoil was related to the amount of OC in the subsoil and the treatment level. Series with higher B horizon OC concentration had less dilution of topsoil OC than those where B horizons had lower amounts. Admixture tended to dilute topsoil OC less for the grassland soil group than for the forest soil group because of smaller differences in baseline A and B horizon carbon in the Chernozemic and Vertisolic soils than the Luvisolic soils. Admixture effects on ratings deductions, however, were slight.
The change in subsoil Db for four soil series over the range of treatments is shown in Fig. 3a . At baseline subsoil, Db ranged from 1.30 to 1.50 Mg m −3 (median = 1.40)
for the grassland group and from 1.30 to 1.55 Mg m −3
(median = 1.40) for the forest soil group (Table 2) . At level 10, subsoil Db ranged from 1.56 to 1.88 Mg m −3
(median = 1.75) for the grassland group and 1.63 to 1.88 Mg m −3 (median = 1.75) for the forest group (data not shown). Changes to Db for the four soil series have a large effect on ratings deductions (Fig. 3b) . Contribution of deductions from topsoil and subsoil parameters for four example series as a function of disturbance level is shown in Figs. 4a-4d . These four examples illustrate a common pattern for the entire sample of 30 soil series. Subsoil Db change contributed the most weighting toward the change in land capability at higher treatment levels. At lower treatment levels, the relative importance of surface deductions was greater. At lower treatment levels, many series also had no deductions attributable to subsoil density. At higher treatment levels, Db often contributed 90% or more of total deductions.
Change to land capability class for all 30 series is presented in Table 5 . The two groups of soils respond somewhat differently to this range of disturbance. Land capability change for the grassland soil group ranged from a decline of one to four classes at level 10, but with equal counts of two-and three-class declines (both 5 of 15). Land capability change for the forest soil group ranged from three-to five-class decline at level 10, with a mode of a four-class decline (8 of 15). Such results suggest that disturbance can reduce capability more in Luvisolic than Chernozemic soils. Soil differences between the two groups were relatively small and limited to OC and topsoil depth properties. The major reason for the difference between grassland and forest soil groups was the higher initial soil rating in the forest soil group than in the grassland group. The initial soil rating for the forest soil group was typically higher because of the differences in the climate factor (P − PE index) ( Table 1) . For this study, the forest soil group was assigned with a P − PE index of −150 mm, whereas the grassland soil group had a P − PE indices equal to or greater than −200 mm. The higher initial soil rating meant that Db effects were calculated on a larger basis, whereas for the grassland soil group, a lower initial soil rating due to drier climate meant that Db effects on ratings were smaller. Capability also changed earlier and at higher frequency at lower treatment levels in the forest group than in the grassland soil group (Table 5 ). For instance, over half the series of the grassland group displayed at least one-class decline by level 4, corresponding to a 20% admixture rate and a 10% Db increase. For the forest soil group, over half of the series had at least one-class decline by level 2, corresponding to a 10% admixture rate and a 5% subsoil Db increase. Based on this sample of 30 series with this range of texture, effects of disturbance on soil physical properties would appear to potentially affect the northern Luvisolic soils more than the southern Chernozemic soils.
Implications for monitoring
Provincial post-reclamation site assessment protocols and criteria used to judge reclamation completeness for certification purposes typically base conclusions on qualitative field measures of topsoil depth, texture, consistence, structure, aggregate size class distribution, and Munsell color (Alberta Environment 2001; Environment and Sustainable Resources Development 2013) . Most of these parameters involve data collected on a class interval, not a continuous interval, limiting the use of parametric descriptives to examine trends. Although these measurements are standards in pedology (Expert Committee on Soil Survey 1983), they were intended for soil classification purposes as a means to discern natural patterns in soil development and to infer properties of the mode for a soil series. The LSRS was also designed to use these field-based attributes as proxies for the underlying continuous variables represented. Hence, soil color (OC), structure, consistence, and aggregate size (tilth and subsoil restrictions) are used in the LSRS to assign soil ratings. The parameters affected by disturbance are better characterized as continuous variables, and hence, quantitative measures are needed especially for calculating LSRS values. The approach used in this study allowed a more precise application of the LSRS than if only field-derived data were used. Based on these considerations, there could be problems in the use of field-derived soil properties to quantify change after reclamation and as a means to calculate LSRS values. Naeth et al. (1991) for instance recommended quantitative measurements such as Db as superior to field-derived estimates of such parameters as structure or consistence for detecting change in soil physical properties in disturbed soils. Although topsoil depth is quantitative, differences in Db will impart errors in soil mass estimates. Such density differences are likely important when comparing areas with different cultivation histories (i.e., controls in pasture and treatment on ROW). The imprecision of field texturing to assess admixture in soils with minimal textural contrast suggests that only large changes can be detected. Estimating compaction by means of field measures of soil consistence, visual characterization of structure, and aggregate sizes again rather than by quantitative measures such as sieving or Db also risks adding considerable uncertainty to conclusions. Although Appendix A.2 of the LSRS manual provides guidelines for estimating Db based on subsoil horizon code, structure, and consistence, these estimates pertain to undisturbed profiles and should be used with caution in soils that have been compacted. LSRS ratings in particular are highly sensitive to Db, so measurement error is particularly important. Soil chemical parameters such as electrical conductivity, pH, and sodium adsorption ratio Grassland soil group
See Table 1 for an explanation of soil series codes.
are also highly weighted in the LSRS system but rarely included in routine field assessments (Environment and Sustainable Resources Development 2013) . Soil color measured in the field with standard Munsell colors introduces a number of problems not present in laboratory measures of organic matter. First, use of Munsell color has limited precision and reproducibility among staff. Shields et al. (1966) found that the average variation in estimated color was 1 unit of value among expert pedologists. Average variation among the same set of experts for chroma was 0.94 units. In addition to differences attributed to color perception, soil colors measured in the field must also account for the effects of variable moisture content and light intensity, and equally important, the limited correlation between Munsell colors and OC without calibration (Zelenak 1995) . Although digital color meters would improve the reproducibility of these color measurements, the benefit does not prevent effects of moisture variability or account for the uncertain relationship between color and OC. Soil organic matter may also have changed considerably in the time since soil mapping occurred. Larney et al. (2003) , respectively). Soil color is a diagnostic tool for soil classification purposes but is less valuable than direct measures of OC when intended as a means to assess soil disturbance. Therefore, when the purpose of the monitoring system is to confirm a return to equivalent land capability, caution in the use of qualitative field measured parameters should be recognized. At the very least, such field-based measures should be calibrated against quantitative standards. Land capability ratings systems including the LSRS assume that measurements reflect a system at long-term equilibrium. This assumption becomes important when evaluating soil disturbance, where soil parameters may change due to natural recovery processes or to mitigations. These temporal dimensions to land capability need to be recognized. Studies such as Larney et al. (2003) who compared the importance of thickness of disturbed topsoil amended with various organic inputs showed that these amendments can function similarly to in situ soil carbon present in A horizons. Mitigations such as these result in an improved soil rating and are an example of temporal variability in the land capability metric.
Assessment protocols should be judged by the reproducibility of the measurements they employ, by the degree of change that can be detected, and how likely such a protocol may generate false negatives or positives. The LSRS is an objective standard to evaluate whether land has been reclaimed to equivalent capability but requires quantitative data to be most effective. The LSRS can also be used to evaluate the amount of positive change in land capability for soil types that may benefit from pipeline construction and reclamation or be used to track the change in capability over time as mitigations are applied or as soils recover due to natural processes.
Conclusions
The LSRS is an objective standard to evaluate whether land has been reclaimed to equivalent capability but requires quantitative data to be most effective. I examined how possible changes in soil physical properties associated with pipeline construction and reclamation would affect land suitability ratings of 30 important Alberta soil series. Soil disturbance was simulated by modelling admixture effects (subsoil addition to topsoil) on topsoil quantity and quality, and on increases to subsoil Db. At the highest treatment level, topsoil was 50% deeper than baseline, contained 33% admixed subsoil by volume, and subsoil Db had increased 25% above baseline. For each soil series × treatment level, the LSRS was used to calculate deductions due to changes in topsoil depth, OC content, and subsoil Db and restrictiveness. The overall effect on capability was a decline from one to five suitability classes at the maximum treatment level, with a three-class decline most common among the 30 series. LSRS ratings were relatively insensitive to changes in topsoil parameters and most sensitive to changes in subsoil density. Current reclamation monitoring approaches may serve to identify areas of deviation from baseline capability but are unlikely to confirm a return to equivalent capability. Future efforts will be directed at testing these observations with field data.
